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The results found in the following pages have been made possible by 
a  grant  from the Bache fund of the Smiths6nian  Institution.  The  dis- 
posal  of the  grant  mentioned  is  left  to  the  discretion  of  Dr.  John  S. 
Billings and Dr.  S. Weir Mitchell.  The  topic of this research  was sub- 
mitted to these gentlemen at the beginning  of the year, and  from time 
to time they have been kept informed of the  progress of the  work.  It 
is  with their  approval that  this  paper is  presented  for publication.  In 
the  autumn  of  1894  this  fund  became  available  for  our  research,  and 
a  study was  begun upon  the  influence  of light,  color,  desiccation,  etc., 
upon  the  vitality  of the  colon  and  typhoid  bacilli  and  of  the  staphy- 
lococcus pyogenes aureus.  The details of this research were published in 
Science,  February 15,  1895.  The  following year the  research  was  con- 
tinued,  the  subject being  upon  the variability  of bacteria  as  shown  by 
modifications of function in different varieties of the  colon group.  The 
cultures studied  were obtained from sources where the micro-organisms 
present might  be expected to show retrogressive  changes;  the results  of 
this  year's  study  were  also  published  in  Science, November  27,  1896. 
During the last academic year this research has still been continued, and 
our time has been devoted principally to the study of methods for enhanc- 
ing the proteolytic activity of the various members of the colon group. 
As  is  the  case  with  the  more  highly  organized  members  of  the 
animal and vegetable world, bacteria  experience modifications of their 
physiological functions according as they are exposed to the influence 
of  various  circumstances.  In  some  instances  the  environment  may 
favor an excessive activity of all functions, in others it may cause their 
depression,  while  again  under  other  surroundings  one  function  or 
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group  of functions may be accentuated  while others  are more  or less 
suppressed. 
Of  the  factors  that  are  conspicuous  for  their  influence  upon  the 
biological activities of bacteria, food is one that is manifestly of funda- 
mental importance.  In the selection of those substances most snitttble 
for the nutrition  of bacteria,  each class of food must be considered  in 
regard to the form in which it is best assimilated by micro-organisms, 
and  to  the  proportion  which  is  necessary  for  their  most  vigorous 
growth.  Plastic  material,  of  which  the  cell  body is  composed  and 
by which growth,  reconstruction  and  reproduction  are  made  possible, 
is derived from the proteid bodies; for the compensation of energy and 
apparently for the maintenance  of the gaseous respiration  of the cells, 
the carbohydrate class of foods is essential.  These  latter  undergo,  as 
a  result  of  the  life  processes  of  the  micro-organisms  to  which  they 
are supplying essential nutritive  materials,  certain  chemical  decompo- 
sitions, of which fermentation and oxidation are the most frequent and 
most easily recognizable. 
As we shall  learn  from  experiments  shortly  to  be described,  there 
are additional  analogues between the  life functions of unicellular  and 
of complex organisms.  We shall  learn  that  the  life  of the  organism 
as  a  whole is  strikingly  influenced  by growth  under  conditions  that, 
as  in  our ease,  favor excessive development  of  a  particular  function, 
or  that  permanently  suppress  certain  other  life  processes.  Bearing 
upon this particular point, Spencer, in discussing the functions of man, 
makes reference to what from our observations seems equally true  of 
the  functions  of single  cells,  lie  remarks  that  " every function  has 
some relation,  direct  or indirect,  to  the  needs  of life."  " If  there  is 
defective discharge  of some function,  the  organism  experiences  some 
detrimental  result  caused by the  inadequacy.  If the  discharge  is  in 
excess, there is entailed  a reaction  upon the other functions which  in 
some  way diminishes  their  effieieneies."  " If  some  function  is  per- 
formed in excess or defect there results some chronic  derangement  in 
the balance of the functions.  Death is more or less premature." 
An especially interesting group for the study of cellular physiology 
and for the observation of deviations in function is the colon group of Adelaide  Ward  Peckham  551 
bacteria,  the members of which present close similarities morpholog- 
ically,  but  vary  considerably in  regard  to  important  biological  pro- 
eesses. 
The most characteristic activity of this  group is  that  of fermenta- 
tion, either gaseous or otherwise, of the carbohydrates, which appears 
to be common to all its members.  By this process glucose is split into 
lactic acid through the action of an enzyme, which is  one of the pro- 
ducts of metabolism in these and many other micro-organisms.  The 
formation of lactic acid completes the first stage of fermentation; and 
in some species of this  group,  as in  the typhoid bacillus,  the process 
ceases at this point.  In many, however, the lactic acid is  broken up 
by a  process of hydration into  less  complex substances,  mostly gases, 
and this step forms the second stage of fermentation,  s+  The fermen- 
tation of lactose and saceharose varies considerably in  different mere- 
hers of this group, because only a  part of them produce an inverting 
enzyme by which they are enabled to  split  these condensed glucoses 
into  ordinary glucose, which in  turn is  broken up  by the lactic acid 
enzyme.t  The influence of invertin in this group is very slow, prob- 
ably because these bacteria cannot endure the conditions that are most 
favorable to its action, viz. a temperature of 56 ° C.  and a considerable 
degree of acidity of the medimn. 
The following details relating especially to the function of gaseous 
fermentation, as  exhibited  by the group  of  colon  bacilli,  have  been 
condensed from the elaborate studies of Theobald Smith (1).  All of 
this group, which includes many of the species which are closely related 
to the colon and typhoid bacilli, ferment dextrose, as shown by the pro- 
duction  of acid,  and  many times  by  the  production  of gas.  Many 
species  ferment lactose  and  saecharose,  but  the following variations 
concerning their action may be noted: First,  there are species which 
invert lactose and saecharose into glucose and complete the process of 
The  decomposition  of  glucose  by  the  laetle  acid  enzyme  is  represented 
by the following equation: 
(1)  2C6H1:O6  q- enzyme ~  4C~H~0~. 
(2)  C3I-I~O~ -1- 6H20 :  3tI.~CO3 (3I-I20 -~- 3C02) q- 12H. 
t  The  conversion  of  lactose  and  saccharose  into  glucose  is  represented  as 
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fermentation by the production of gas.  Secondly, some species invert 
lactose and saccharose and pass through the first stage of fermentation, 
namely,  the production  of acid.  Thirdly,  others  cannot  invert  these 
sugars  and  therefore  cannot  produce  fermentation.  Fourthly,  some 
act upon one of these sugars and cannot split the other. 
The  observations  upon  fermentation  that  we  shall  detail  in  this 
contribution have been made  upon cultures  grown under  such  condi- 
tions as would be liable to cause alterations in function. 
A  still more variable function of this group is its action upon proteid 
substances.  These bacteria do not produce a proteolytic enzyme, and 
therefore are dependent upon some means external to their cell bodies 
by which  the  various  forms  of  proteids  can  be  converted  into  sub- 
stances suitable  for  their  assimilation,  that  is,  into  peptones  or  albu- 
moses or some one  or  another  of the  albuminoid  molecules  that  can 
easily pass through  their  cell membrane.  The  peptonizing  ferments 
of  animal  life  may  be  brought  into  requisition  for  this  purpose,  or 
the enzyme of other micro-organisms may be utilized. 
Fermi and Pampersi (2), in their research upon the peptonization of 
proteids by micro-organisms,  conclude that  the  albumin  prepared  for 
assimilation  by one  microbe  does not necessarily enter  that  cell,  but 
may  be  appropriated  by  another  which  is  present.  They  found 
further  that  the  proteolytic  enzyme  is  not  peptogenic;  it  does  not 
produce  peptones,  and  the  micro-organisms  are  not  dependent  upon 
them.  Albumin is transformed in the same manner as it is in the walls 
of the intestine. 
Proteid  digestion  can  be  approximately  estimated  in many  mem- 
bers of the  colon group  by the  production  of  indol,  whose  peculiar 
reaction  permits  of  an  easy  approximate  estimation  of  the  quantity 
produced.  Indol  formation,  however,  varies  greatly  in  the  different 
members of this group, and varieties are well known that do not appear 
to  produce  it,  while  others  possess that  power  to  a  marked  degree. 
Cultures  obtained  from  river  water  and  other  sources where  proteid 
material is sparingly found may become so changed by long depriva- 
tion  of suitable proteid  food that  they apparently  lose this  indol-pro- 
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process, like gas production  in the last stage  of fermentation,  is soon 
modified  or lost by agencies  which  in  general  induce  an  attenuation 
of  micro-organisms.  Many  cultures  which  do  not  produce  indol 
exhibit analogous deviations in other functions, that may be accounted 
for by lack of uniformity in the degree of their vital activities, rather 
than by regarding them as distinct species. 
Cultures  which  we obtained by a  process  of attenuation,  and  also 
others which we recovered from the organs of animals inoculated with 
a tested culture,  and also from the spleens of persons dead of typhoid 
fever,  show  the  above-mentioned  variations  in  function  and  es- 
pecially in  fermentation.  A  study  of the  colon  group  ia  a  proteid 
medium  was suggested by such results,  and  forms the  theme  of this 
article.  This  subject  has  been  extensively  investigated,  but  the 
results  that  have  been obtained  do  not appear  to  have  attracted  the 
attention that their importance should warrant. 
P6r6  (3),  in  a  research  on  the  formation  of  lactic  acid  by  micro- 
organisms,  found  that  the  same  microbe  may  produce  lactic  acids  of 
opposite optical activities,  according to the  quality and  quantity  of the 
proteid  material  used.  The  amount  of  acid  formed  diminishes  when 
the medium is rich in peptone, even when the ratio of dextrose remains 
constant. 
Fermi and  Salto (4), in a  study of the intestinal  canal in its relation 
to the  immunity  of certain  animals  from the  cholera  vibrio,  state  that 
the greater the pathogenic power of the colon bacillus the less prominent 
are its saprophytic properties, for instance,  the fermenting power. 
The effect of proteid material upon the virulence of the colon bacillus 
has been often obser?ed, not with reference to artificial cultivation, how- 
ever, but in cultures obtained under conditions where proteid substances 
were increased by various inflammatory conditions in animals  or man. 
Klecki  (5),  Sanarel]i  (6)  and  Dreyfuss  (7)  conclude  from  their 
researches  that  the  pathogenesis  of  the  colon  bacillus  is  acquired  by 
growth  in  albuminous  material  which  is  afforded  by  the  products  of 
inflammation. 
The nutritive  value of the original proteids,  casein,  muscle, egg albu- 
min,  blood  serum,  etc.,  for  bacteria  has  been  considerably  studied  in 
various chlture fluids.  P~r~,  in  1892,  published  a  most interesting  and 
instructive article upon the bacillus colt communis and the bacillus typh- 
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by different ferments.  The suggestions afforded by his results have been 
utilized in our study of the colon group. 
IIe found that  indol production is greater with  a  pure  peptone solu- 
tion than  With any  other  form  of proteid;  the  dried  peptone,  however, 
gives comparatively little indol.  Furthermore,  the colon bacillus  forms 
indol  with  proteids  peptonized  by  each  of  the  various  proteolytic 
enzymes, even with  the  vegetable pepsins,  but trypsin  forms  a  peptone 
which gives the most indol.  Peptones prepared by digesting casein with 
trypsin give a much larger  amount of indol than  acid or alkali albumin, 
or than  acid peptones prepared by the action of pepsin. 
Deyeke (9) advocates the use of an alkali  albumin in media employed 
for  special  purposes.  He  uses  a  solution  containing  two  to  three  per 
cent of alkali albumin as an elective medium for the diagnosis of cholera 
cultures,  in  which  the  colonies  develop  quickly  and  luxuriantly,  while 
other organisms*  contained  in the feces are inhibited.  Later he found 
that this medium is useful for detecting the bacillus diphtherim. 
We  have  used  culture  fluids  containing  peptones  derived  from 
various proteids  through  the  action  of pepsin  and  trypsin,  and  have 
Obtained the  best results  from those  prepared  from beef mnsele  with 
trypsin.  These  peptones  differ from those  of PSr~  by being derived 
from fresh muscle, while his were obtained from casein.  Both differ 
from  I)eycke's  in  that  they  contain  true  peptones  and  albumoses, 
obtained in alkaline mixture,  while Deyeke's alkali albumin is derived 
from a proteid through the action of a dilute alkali, without peptoniza- 
tion.  Our  medium  is  called  throughout  this  article  alkaii-peptone 
bouillon,  and was prepared by the following formula: 
Beef  muscle,  225  grammes. 
Trypsin,  4  grammes. 
Salt,  5  grammes. 
Water,  one  litre. 
The  finely  chopped  beef  muscle,  which  must  be  as  old  as  can 
ordinarily  be  obtained  in  shops,  in  order  that  it  may  be  free  from 
muscle  sugar,  is  put  into  500  ce. ,of  water  and  the  mixture  made 
slightly  alkaline  with  sodium  carbonate.  The  flask  containing  the 
The  eolon  bacillus  does  not  thrive  upon  alkali  albumin  because  it  does 
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mixture is then placed in a water bath at a temperature of 40 ° C.  and 
the  trypsin is added.  After digesting for an  hour the fluid becomes 
decidedly acid.  This  is  probably in  part  due  to  the  sarcolactie  acid 
set free  from  the  tissue,  and  in  part  to  free  carbonic  acid  resulting 
from decomposition of the carbonates.  The fluid must again be made 
alkaline  by the  addition  of sodium  carbonate.  Our  experience  indi- 
cotes that, in general,  peptonization  should be arrested in from one to 
one  and  one-half  hours,  otherwise  traces  of  indol  may  be  detected. 
At  the  end  of this  period boil the  mixture  and  strain  through  gauze 
and  then filter cold through  wet filter  paper to remove the  fat;  then 
add the 'salt and enough water to make one ]itre.  The  acidity of the 
clear,  straw-colored filtrate  is then reduced to the  desired point~,3o  be 
given hereafter;  the indicator used is phenolphthalein.  After~this it 
is clarified,  filtered  and  sterilized.  After  sterilization  the  bouillon  is 
tested for indol  and sugar,  the  latter test being made with  Soldaini's 
cupric solution.  If these undesirable  products  are present  the  indol, 
of  course,  prevents  exact  estimation  of  the  amount  formed  by  tile 
organisms under study, and the sugar interferes with the action of the 
bacteria upon the proteid substances.  We have experienced no great 
difficulty  in  obtaining  meat  free  from  sugar.  The  bouillon  is  also 
tested for peptones by the biuret reaction, which is compared with the 
same reaction in a one per cent dried peptone solution. 
Different  observers  have  found  a  slightly  alkaline  medium  to  be 
favorable  to  the  growth  of  many  bacteria.  Hesse  (10)  tested  the 
vibrio of cholera in a  medium to which varying  quantities  of sodium 
carbonate were added and found that the addition of 0.5 ce. of a normal 
solution of sodium carbonate to ~5  cc.  of agar favored the growth of 
the  spirillum.  Blumenthal  (11)  also  studied  the  influence  of  an 
alkali  on the  activities of microbes,  especially on  their  chemical  pro- 
ducts.  He  concludes  that  the  formation  of  putrefactive  products 
depends  on the al/cali~ity  of the ~ater~'al  decomposed  and  not  on  an 
alkali added to the medium.  Tlle virulence of the colon bacillus was 
increased,  however,  by  adding  an  alkali  to  the  bouillon  used  as  a 
medium. 
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depend, however, upon the constituents of the medium.  In a medium 
containing  sugar  a  slight  alkalinity  is  desirable  to  neutralize  any 
excess  of  acidity  due  to  the  fermentation  of  the  sugar;  but  in  the 
absence of fermenting material  this organism breaks up peptones and 
thereby  progressively  increases  the  alkalinity.  The  influence  of 
albumin on the reaction of media must, then,  be taken into considera- 
tion  in  deciding  the  reaction  of  media  rich  in  proteid  material. 
Timpe  (:12), in an article relating  to this subject, emphasizes the fact; 
that because all albuminous bodies give an alkaline reaction to litmus, 
its use as an indicator in a peptone-holding medium makes the alkaline 
reaction  prominent,  while  a  considerable  amount  of  free  acid  is  in 
reality present;  and  because albuminous bodies give an  acid reaction 
to phenolphthalein,  the use of this indicator increases the alkalinity of 
the medium,  making a sharp neutralization  possible. 
Our  experience  teaches that  a  medium containing  such  an amount: 
of free acid as to require  from 20 to 30 cc. per litre  of a  decinormal 
caustic soda solution to bring it to a  point neutral  to phenolphthalein 
is  the  most  suitable  reaction  for  the  development  of  this  organism 
when sugars are not present. 
There  is an interesting  but somewhat confusing  array  of evidence 
bearing upon the  development of pathogenesis by the  colon bacillus. 
We  will  review  briefly the  observations  and  deductions  of  different. 
investigators, and finally relate the results of our own experiments with 
different species of the colon bacillus, both in vitro and in animals. 
Klecki (5), in his experiments upon dogs, found that the colon bacillu~ 
acquires virulence in the lumen of a  strangulated  intestine.  This  viru- 
lence, he concludes, is the result of development in the large amounts of 
albuminous  material  which  collect in  the  loop of intestine.  The  viru- 
lence of the bacilli which pass through the intestinal walls into the cavity 
of the peritoneum is also increased, but not to the same degree as in those 
in the intestine. 
Dreyfuss (7)  found that  cultures of the  colon bacillus  obtained from 
normal feces are non-pathogenic,  but in intestinal  diseases  they become 
virulent to an extent which is in proportion to the severity of the disease. 
Fermi  and  Salto  (4)  conclude  that  any  abnormal  condition  of  the 
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cold of the abdomen, too much food, etc., increases the virulence of the 
colon bacillus. 
Sanarelli (6)  caused the colon bacillus  to become virulent in  experi- 
mental typhoid fever by producing an inflammation with the  typhoid 
toxin. 
All of these writers appear to favor the theory that the virulence of 
the colon bacillus  is the result  of growth in  the living fluids of the 
body,  which  are  supplied  with  an  unusual  amount  of  albuminous 
matter by the process of inflammation.  The seat of the inflammation, 
which may be either in the intestine or in other viscera, influences to. 
some extent the degree of virulence. 
What  constitutes  the  difference in  the  conditions  existing  in  the- 
intestine in health and disease, which causes the colon bacillus to be 
non-virulent in one case and virulent in the other .~ 
The normal intestine provides food in  a  form most favorable for 
assimilation by this organism and from which it forms the most indol, 
namely, peptone,  the product  of the tryptic  enzyme.  There is  als~ 
supposed to exist a commensal relation between the cells of the intes- 
tinal  mucous  membrane  and  the  colon  bacillus.  But  it  does  not 
become virulent  even  under  these favorable  circumstances,  for  the 
reason, as we shall  attempt to show in this paper,  that its first force 
is  spent  upon  the  process  of  fermentation,  and  as  long  as  oppor- 
tunities  exist  for  the  exercise of this  function  the  affinities  of this 
organism appear to be strongest in this direction.  Moreover, the con- 
tents of the intestine remain acid until  they reach the neighborhood 
of the colon, and by that time the tryptic peptones have been formed 
and  absorbed  to  a  great  extent.  Under such  conditions  the  colon 
bacillus has relatively little  opportunity to  assume an excess of pro- 
teolytic activity. 
During  the process  of inflammation in  the  digestive  tract  a  very 
different condition may exist.  The peptic and tryptic enzymes may 
be partially suppressed.  Fermentation of carbohydrates and  proteid 
foods then begins in the stomach and continues after the mass of food 
is passed  on  to  the  intestine.  The  colon  bacillus  cannot,  therefore, 
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broken up and  an alkaline fermentation  of the proteids is in  process. 
It  also  cannot  form  peptones  from  the  original  proteids,  for  it  does 
not  possess  this  property,  and  unless  trypsin  is  present  it  must  be 
dependent upon tile proteolytic activity of other bacteria for a suitable 
form  of  proteid  food.  Perhaps  these  bacteria  form  an  albuminoid 
molecule,  which,  like  leucin  and  tyrosin  (18),  cannot  be broken  up 
into indol,  and thus there might  be caused an important  modification 
in  the  metabolism  of  the  colon  bacillus  which  may  have  either  an 
immediate  or remote influence upon its acquisition  of disease-produc- 
ing  properties,  for  our  own  experiments  indicate  that  the  power  to 
form indol and the actual forming of it are to some extent an indica- 
tion of the possession of pathogenesis. 
In  our  experiments  upon  the  colon bacillus  with  a  medium  char- 
acterized  by  large  amounts  of  freshly  formed  peptones  and  entire 
absence of fermentable material,  we find that the proteolytic function 
is  greatly  increased  in  activity,  as measured  by the  amount  of indol 
resulting  from  its  growth.  If,  however,  the  cultivation  be  carried 
on beyond the period of maximum indol formation,  and  each genera- 
tion  be  restricted  to  this  specific  activity  by  being  transplanted  to 
fresh  media  of the  same  character  as  soon as the  growth  reaches  its 
maturity  (3  days),  a  modification  of the  vital activities of the  organ- 
isms  occurs.  Indol  formation  is gradually  abolished,  even though  it 
may have been excessive at an  earlier  period,  and  the culture  finally 
dies prematurely. 
The colon bacillus  apparently  soon dies when  it  is introduced  into 
the  peritoneal  cavity  of  guinea-pigs,  even  if  the  amount  injected  is 
sufficient  to  set  up  a  fatal  inflammatory  process.  In  seventy-two 
guinea-pigs  inoculated  intraperitoneally  with  the  colon  bacillus  the 
organism was recovered from the different organs of only the animals 
that  died by the  fourth  day.  After that  period  the  periWneum  and 
organs  were sterile.  The  cultures  obtained  from these  animals  after 
inoculation showed, even after this length of time, a slight modification 
in certain  important  functions,  notably that  of fermentation. 
In  certain  members  of  the  colon  group  which  possess  less  vital 
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of functional equilibrium, recognizable by a  partial or  complete loss 
of  either  the  proteolytic  or  fermenting  function,  cultivation  in  a 
medium containing a  large amount of peptones gave similar qualita- 
tive  results,  though  the  time  necessary  for  the  results  was  much 
longer  than  was  that  required  for  the  typical colon  bacillus.  Pro- 
teolytic action  as  indicated  by indol  formation was  at  first  entirely 
absent in all of these cultures.  In this case the frequent change to a 
fresh  medium  increased  the  vital  activities  for  several  generations, 
until a  marked indol reaction was  obtained which seemed  to  be  the 
maximum amount that these cultures were able to form; then, as with 
the  typical  organism,  degeneration  and  death  of  the  cultures  took 
place.  But, unlike our experience with typical cultures, this acquisi- 
tion of the indol-producing function was very much more gradual, so 
that the maximum of the indol curve  is  conspicuously retarded  (see 
graphic representation in accompanying chart, p. 561). 
Indol tests.--A preliminary indol test was first made to determine 
at  what age  a  culture  of  a  typical colon  bacillus  inoculated into  a 
peptone solution gives the greatest amount of indol.  Typical cultures 
of the  bacillus coli communis were tested,  ten tubes of each  culture 
being  inoculated at  the  same  hour into  the  alkali-peptone  bouillon. 
One tube was tested for indol at the end of each twenty-four hours. 
A large number of tests made at the end of the intervals named proved 
that indol production nearly or quite ceases in seventy-two hours after 
inoculation.  All  of  the  subsequent  comparative  tests  were  made, 
therefore, on cultures of that age. 
TYPICAL  CULTURES  OF  THE  BACILLUS  COLI  COMMUNIS  TESTED  FOR  INDOL. 
A series  of ten typical cultures was inoculated into the alkali-peptone 
bouillon and also into Dunham's dried-peptone solution, for the purpose 
of estimating the  amount of indol  formed and  the  time  at  which the 
maximum of indol production is reached. 
Twenty-five cubic  centimetres of each  medium was  placed  in  Erlen- 
meyer's flasks, which were inoculated at the same hour and placed in the 
incubator, where they remained until the fourth day.  Transplantations 
were  then made to  fresh flasks  containing a  like  medium, and the  old 
cultures were tested for indol in the following manner: To 25  cc. of this 560  Influence  of  Environment  on  Colon  Bacilli 
fluid culture,  slightly warmed,  both  a  solution  of  sodium  nitrite  (0.01 
per cent) and of sulphuric acid (25 per cent) were added in varying pro- 
portions.  The  reason  for  our  not  having  employed  them  in  uniform 
rates  is  that  we  found with  different cultures,  under  different  circum- 
stances, the maximum amount  of indol could only be decided by corre- 
sponding  variations  in  the  proportions  of nitrites  and  acid  used.  For 
instance,  we  observed that  frequently decided evidence of the  presence 
of indol was manifest by the addition to 25 cc. of the culture of 1 cc. of 
sulphuric  acid  and  1  cc.  of the  nitrite  solution,  but  this  by no  means 
represented the greatest degree of reaction obtainable in this culture; by 
the further addition of both acid and nitrite solution the density of color 
of the indol reaction was very frequently appreciably increased.  Whether 
or not this increase of density in the red color in reality indicated larger 
amounts of indol we cannot say certainly, but from control experiments 
made  with  varying but  known  weights  of indol  we are  inclined to the 
opinion that it does. 
The method that we have employed for estimating the varying amounts 
of indol produced is not regarded by us as in every way satisfactory, but 
the results obtained by its use, we think, approximate sufficiently closely 
to  accuracy for all  practical purposes  of comparison.  The  principle  of 
the  method  is  similar  to  that  of  all  colorimetric tests,  that  is  to  say, 
standard  solutions  of  varying  and  known  strengths  of  pure  indol  (as 
obtained from the manufacturers) were prepared, placed in Nessler tubes, 
and the usual reaction made.  In similar tubes our culture, in which the 
reaction had also been made, was placed, and its tint compared with those 
of  the  standards.  The  procedure  in  detail  as  carried  out  by us  is  as 
follows:  Nessler tubes  (30  cm.  long,  1  cm.  in  diameter)  filled with  the 
indol solution are prepared by adding one-tenth of a cubic centimetre of 
a  one-tenth per cent solution of indol, to which enough acid and nitrite 
have been added to  give the  nitroso-indol reaction, to  enough water to 
make  50 cc.  The reaction for indol is then made in the culture under 
consideration, after which varying amounts of this  culture are placed in 
similar  Nessler  tubes  and  the  volume  of  each  is  brought  up  to  50  cc. 
The tints  of these dilutions are then compared with the  standards,  and 
the approximate amount of indol in the  culture is determined from the 
result,  just  as  it  is  done  in  the  ordinary  process  of  nesslerization  for 
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TABLE  I. 
;SHOWING THE  PERIOD  OF INDOL  FORMATION  OF  CULTURES  OF  THE  TYPICAL  BACILLUS 
COLI COMMUNIS WHEN  CARRIED  THROUGH A  SERIES  OF  TRANSPLANTATIONS  IN  PEP- 
TONE SOLUTIONS.  THE  LIFE  OF EACH  GENERATION WAS ~  DAYS. 
The figures ill the columns  indicate the amount  of a  one-tenth per cent. indol solu- 
tion,  expressed in cubic centimetres,  which was required to give  the  same tint as the 
iudol  formed by the culture  in 25 cc.  of the medium. 
1 
2 
3 
4 
5 
6 
7 
Dunham's  solution. 
1st  I  2rid 
gen.  gen. 
.6 cc. 
.6 cc. 
-4-  .6 cc. I 
+  .6cc. 
+  1.6 cc. 
+  .2 co. 
.3 co.  .2 cc. 
3rd  4th 
gen.  gen. 
.3 cc.  .2 cc. 
.3 cc.  .3 cc. 
.3 cc.  .3 cc. 
.6  cc.  .3  cc. 
.6 cc.  .8 cc. 
.4 cc.  .4 cc. 
+  3- 
5th 
~,en. 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
6thl  18t 
~en.  gen. 
+  I to cc. 
+  7 cc. 
+  6 cc. 
-4-  6 cc. 
+4-  S co. 
+ 
+  LO cc. 
Alkali-peptone  bouillon. 
2rid  [  3rd  ]  &th  5th  6th 
gen___L_  I   on:  gen.  I  gen._ 
| 
13cc.  See.!  4cc.  2cc.[.3cc. 
3.5 cc.  1.3 cc.I .3 cc. 
4cc.  2cc.].3cc. 
4cc.  2.5cc..6cc. 
1.2 CC. 
t.2 cc,! 
13 co, 
13 cc, 
11 co. 
7  CO. 
7  cc. 
7  cc. 
6  cc. 
10 cc. 
6cc.  2.5 cc..5  cc. 
6cc.  3.3 cc..3  cc. 
~3HART SHOWING INDOL CURVE  OF THE  TYPICAL AND OF AN ATYPICAL COLON BACILLUS. 
Each vertical space represents  a  cubic  centimetre  of  the  standard  indol  solution 
used  for obtaining  the same tint as  the  culture  reaction,  and  each  horizontal  space 
represents  an interval of 24 hours. 
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1.  Indol curve of the typical colon bacillus. 
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The  preceding  Table  I gives  the  results  of  the  quantitative  indoI 
test  upon  the  typical  cultures.  The  test  was  repeated  three  times 
and  gave  slightly  varying  results.  The  anmunt  of  a  one-tenth  per 
cent  indol  solution  which  was  required  to  give  the  same  tint  as  the 
indol formed by the  culture  in  25  co.  of the  medium is  expressed in 
cubiccentimetres.  These cultures, which were all from old laboratory 
stock, reached the height  of indol production in  about seven days and 
in  the  second generation.  The  amount gradually  lessened  after  that 
period.  The difference in indol production of the same culture in the 
two solutions used, namely, Dunham's peptone solution and the alkali- 
peptone  bouillon, is very rnarked.  While  usually a  decided reaction 
is all that is obtained in the peptone solution, the alkali-peptone  bouil- 
lon gives either a bright blood-red color or a  darker purplish  tinge. 
,~TYPICAL  5iEMBEIIS  ,OF  THE  COLON  GROUP  TESTED  FOR  INDOI,. 
Cultures which varied from the typical colon bacillus in one or both 
functions were selected for this test.  Noa.  1 to  8 inclusive are  either 
transitional  or pseudo-forms  of the  colon group.  No.  9  is  a  culture 
of  the  bacillus  laetis  aerogenes  and  No.  10  is  the  bacillus  cloacm. 
These  cultures  have  been  frequently  tested  for  indol  by  the  usual 
method  during  the  two years that  they have  been in  our stock,  and 
some of them have at times seemed to give a slight indol reaction. 
This series, like the preceding, was inoculated into the alkali-peptone 
and Dunham's solutions and was carried systematically through several 
cultures  in  each  medium.  They  were  plated  and  examined  micro- 
seopially to prevent eontanfination.  The result  obtained is  tabulated 
in Table II.  All except one of this series (No. 3) produced indol; but 
while: the typical cultures were brought to the height  of indol produc- 
tion in 7 days, the cultures  of this series required  from 1~ to ~0 days 
before giving  a  decided  indol  reaction.  As  in  the  preceding  series, 
the reaction was less  distinct in Dunham's  solution than  in the  alkali- 
peptone bouillon.  For this solution Sargent's  dried acid peptone was 
used,  because we have  usually found it  to  be  free  from  indol,  while 
repeated  tests  on  sterile  solutions  of  different  specimens  of  Witte's 
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TABLE  II. 
SHO~ING  THE  PERIOD  OF  INDOL  FORMATION  OF  CULTURES  OF  ATYPICAL  COLON 
BACI]~LI  ~VHEN  CARRIED  THROUGH  A  SERIES  OF  TRANSPLANTATIONS  IN  PEPTONE 
SOLUTIONS.  THE  LIFE  OF  EACH  GENERATION  WAS  ~  DAYS. 
~  1st gen. 
1  .-- 
2 
4 
5  ~ 
6 
7 
s 
9 
10 
Ouo am:.o u,,oo  bou,,loo-- 
2d  gen.  3rd gem  4th gen.  I  1st gen.  2d gen.  3rd gen.  :th  gen. 
i  - 
RESULTS  FOLLOWING  THE  EXCESSIVE  DISCHARGE  OF  ONE  FUNCTION. 
A  comparison of normal cultures with those in which there has been 
what  to  us seems an  excessive discharge  of one  function  shows that 
the latter finally undergo  a modification in their  products  of metabol- 
ism  that  coincides with  gradual  loss of vitality  and  that  they finally 
die prematurely. 
Excess  of  fermentation.--Again  regarding  the  bacillus  co]i  com- 
munis as the type of this group, in which fermentation and proteolytic 
action are in normal proportion,  we find that  the former is the initial 
snd  characteristic  function.  All  of  the  enzymes  formed  by  this 
organism are designed to promote fermentation;  and so natural  is this 
function  to  this  organism  that  even  in  solutions  containing  equal 
amounts of dextrose and peptone the property of fermentation  always 
takes  precedence  over  that  of  proteolysis,  the  proportion  of  indol 
formed having  been regarded  by us as a  fair index of the  activity of 
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In  media  equMly rich  in  dextrose  and  peptone the  process  of fer- 
mentation  begins immediately and proceeds apparently  alone,  at least 
as far as indol production is concerned, until  all of the sugar has been 
converted into lactic  acid.  l:)Sr~ made  observations in regard to this 
action in  1893 and stated that a positive reaction for indol proves the 
disappearance  of sugar  in the  medium. 
We have found by a large number of tests that the fermentation  of 
lactose  also,  although  requiring  two  enzymes,  invertin  and  that  of 
lactic  acid,  is  entirely  completed  before indol  formation  begins;  but 
in  a  one  per  cent  saccharose  bouillon  indol  is  often  present,  while 
undecomposed sugar  may still  be detected in the  medium  by appro- 
priate tests. 
The height of acid formation in a  medium containing  the amounts 
of carbohydrates and proteids mentioned  is reached  at the  end  of 72 
hours.  At that time the acidity of the medium is sufficient to inhibit 
further  activity,  and  later the  bacilli fall to the bottom of the  tube. 
The biuret test when applied to these cultures shows that a  large part 
of the peptones remains  unused,  a  further  indication  of the essential 
nature  of the  function  of fermentation  to the  biology of this  group 
of organisms and of the influence of the presence of sugars on proteid 
decomposition.  This  we  regard  as  in  part  explainable  through  the 
exhaustion of energy during the breaking up of dextrose and not alone 
to the excess of acid formed; for we have found that when an amount 
of lactic  acid  equivalent to that  formed in  these  cultures  was  added 
to  the medium into which the above organisms were inoculated,  that 
it did not entirely prevent the formation of indol. 
The  result,  then,  of  excessive  fermentation  is  the  exhaustion  of 
energy  in  the  production  of enough  acid  to  inhibit  the  growth  and 
finally to cause the  death of the  organism.  The proteolytie function 
resulting in indol as an end product of metabolism is entirely abolished 
and the peptones are probably untouched,  thereby causing a  deficit in 
the  amount  of  plastic  material  necessary  to  the  building  up  of  the 
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TABLE  III. 
SHOWING  THE  EFFECT  OF  THE  PRESENCE  OF  SUGAR UPON PROTEOLYSIS.  THE  CULTURES 
OF  TABLE  I~  HAVING  BEEN  INOCULATED  INTO  A  MEDIUM  CONTAINING  SUGAR AT  THE 
TIME  WHEN  THEY  "WERE AT  THE  MAXIMUM  POINT  OF  INDOL  PRODUCTION~  GAVE THE 
FOLLOWING  RESULTS. 
The  figures  in  the  columns  indicate  the  amount  of  a  standard  indol  solution 
used  to give the  same intensity  of color  as that  given by the  culture. 
6 
1 
2 
3 
4 
5 
6 
7 
I 
Alkali-peptone  I  Alkali-peptone  Alkali-peptone  Alkali-peptone 
bouillon containing  bouillon  containing  bouillon  containing 
bouillon.  ]  ~  of glucose.  ~  of glucose,  lactic  acid. 
Indot 
reaction.  Ac  ity.  Indol 
reaction. 
13 ce. 
13 cc. 
11.2 cc. 
11.2 cc. 
13 cc. 
13 cc. 
11 ee. 
Acidity. 
18.5 co. 
17.5 cc. 
16 cc. 
90 cc. 
Indol 
react~n. 
trace. 
trace. 
18.5 cc. 
17.5 cc. 
92.5 cc. 
Acidity. 
19.5 cc 
alkalin~ 
alkalin( 
alkalin~ 
--  1.5  cc. 
--  alkaline. 
Indol 
r~actlon. 
trace. 
1  cc. 
1  cc. 
1  cc. 
1  ec. 
trace. 
1  cc. 
Acidity. 
3  cc. 
3  cc. 
3.2 ec. 
3  cc. 
.6 cc. 
.6 cc. 
The cultures of Table III were taken from the series of Table I  at 
the time when  they were at the maximum  point  of indol production 
and inoculated into  a  medium containing  sugar,  so as to  observe the 
effect of sugar upon the proteolytic function. 
Each culture was inoculated into alkali-peptone bouillon containing 
0.5  per  cent  and  0.25  per  cent of sugar  respectively,  and  also  into 
25 cc. of the same bouillon,  to which as much commercial lactic acid 
had  been  added  as  would  require  10  cc.  of  a  one-twentieth  normal 
sodium  hydroxide  solution  to  neutralize  it.  After  growth  for  five 
days at 37 ° to 38 ° C. the 5ultures were tested for acidity and for indol. 
The acidity is expressed in the number of cubic centimetres  of a  one- 
twentieth  normal  solution  of  sodium  hydroxide  that  is  required  to 
neutralize 25 cc. of culture fluid.  The results given in the table show 
that although  these cultures were capable of producing  an amount of 
indol  in  the  alkali-peptone  bouillon  without  sugar  which  required 
10 to 13 cc. of a 0.1 per cent solution of indol to give the same color, 
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if 0.5 per cent of dextrose is added to the same medium it causes com- 
plete inhibition of indol production, and if 0.~5 per cent is added only 
a slight reaction for indol is obtained.  The  culture  containing  lactic 
acid but no glucose produced a much greater amount of indol, and this 
fact  shows that  the  acidity  caused  by fermentation  is  not  the  only 
cause of the cessation of the proteolytic function. 
Excess  of  the  proteid  function.--The  cultures  mentioned  above, 
that  are  tabulated  in  Tables I  and  II,  and  which  were permitted  to 
develop in  a  medium  most favorable to  proteolytic action  and  which 
was designed  to  exclude all  other functions,  will now be followed in 
their  course for the purpose of determining the  effect of an  excess of 
this function. 
The  typical cultures  of Table  I, when  carried  through  a  series  of 
cultures  on a  proteid  medium,  reach  the  height  of indol  production 
on  the  seventh  day  and  in  the  second  generation.  Indol  formation 
at  that  time  is  much  greater  than  is  found  by tile  usual  method  of 
cultivation.  After  this  period,  however,  indol  production  steadily 
decreases,  and  the culture  becomes attenuated  and  dies in  about the 
eighth  generation.  Like other attenuated  cultures,  if inoculated into 
dextrose bouillon the gas formation is less than  normal. 
In the  cultures  of Table II the reaction for indol  does not appear 
until  the  fourth  or  fifth  generation;  it  reaches  its  height  in  the 
following generation,  then  decreases  and  soon  ceases.  The  attenua- 
tion of the  cultures in  these  series is probably due to  absence  of fer- 
mentable  carbohydrates,  which  are  apparently  necessary  to  make  l~p 
the carbon deficit of the bacterial cells. 
The  indol  curve  of  typical  and  atypical  cultures  is  represented 
approximately in the chart on page 561. 
We have made one experiment to determine whether cultures which 
are pathogenic when grown in the fluids of an animal form more indol 
under  artificial  cultivation  than  non-pathogenic  cultures,  thereby 
showing  an  increase  of  the  proteolytic  function.  The  virulence  of 
the culture used was ascertained  as soon as it was isolated from feces, 
and  it  was  tested  for  indol.  It  was  then  kept  for  long  periods  on 
artificial  media,  with  an  occasional  test  for  indol  and  virulence. Adelaide  Ward  Peckham  567 
Finally it was again brought up to its normal condition by growth on 
a  medium containing a large per cent of peptones. 
As a result of this experiment we found that there was a parallelism 
between indol formation and  pathogenesis in  this  instance.  Condi- 
tions affecting the formation of indol affected the virulence also.  The 
maximum amount of indol formed by this  culture was  not  greater, 
however, than that formed by other cultures which were  non-patho- 
genic.  Of course this experiment does not prove that indol is formed 
in the peritoneal cavity.  In a few tests made upon peritoneal exudate 
and  the  pus  of  abscesses  which  contained  a  pure  culture  of  the 
bacillus coli communis, we  have not obtained an indol reaction;  but 
the cultures isolated from these fluids gave a genuine indol reaction in 
artificial media. 
INDOL PRODUCTION CONSIDER]~D AS  d~N  INDEX OF  PATttOG]~NESIS. 
A  series  of experiments relating to  this  question has been  carried 
on for over a year on a virulent culture obtained October 6,  1895,  at 
the autopsy of a case of parenchymatous nephritis.  The fecal material 
was  taken  from  the  colon  near  the  vermiform  appendix.  In  this 
freshly isolated  culture  we  noticed  that  gas  production  was  about 
one-half the amount usually found in tytMcM cultures of this organism 
derived from normal feces,  but  aster  keeping it upon  agar-agar for 
two  or  three  months  the  usual  amount  of  gas  was  formed.  Indol 
production was much greater than usual~ and this fact led to a test of 
virulence.  We found that 0.5 cc. of a bouillon culture about twenty- 
four hours  old  proved  invariably  fatal,  by  both  subcutaneous  and 
intraperitoneal inoculation, to guinea-pigs weighing 500 grammes, and 
0.1  ec. of the same culture killed a guinea-pig weighing 280 grammes 
after several days, the organs of this animal being sterile at the time 
of its death. 
This  culture  was  then  kept  on  agar-agar  for  about  five  months, 
when it was again tested on animals.  It then required  1  to 2  cubic 
centimetres  of  a  bouillon  culture  to  kill  an  animal  weighing from 
300  to 500  grammes.  A  faint indol reaction was obtained on Dun- 
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pared peptone solution, made by peptonizing  casein with trypsin,  and 
changed  to  a  fresh culture  tube  on  every third  day.  On  ~5/[arch 28 
indol formation had increased and guinea-pigs were again inoculated, 
a  twenty-four-hour-old  culture  on  the  fresh  peptone  solution  being 
used. 
Date of Inoculation.  Dose.  Weight. 
March  28,  0.3  cc.  2i3  grammes. 
"  "  "  216  " 
April  1,  0.2  cc.  213  ,' 
March  30,  0.3  cc.*  190  ,, 
April  4,  0.5  cc.*  195  ,, 
"  0.5  cc.*  190  " 
The results were as follows: 
l~esult. 
Died  in  18  hours. 
"  "  24  ,, 
"  on  7th  day. 
Recovered. 
Died  in  18  hours. 
Recovered. 
The  culture was again  placed  on  ordinary  agar-agar  and  remained 
With occasional changes until  October 6,  1896  (a period  of about six 
months).  At that  time there was an  abundant  growth on agar-agar, 
but no indol reaction could be obtained on either Dunham's  or fresh 
casein-peptone solution.  3  cc.  of a  bouillon  culture  was required  to 
kill an animal of 379 grammes weight.  The culture was then changed 
to the peptonized casein solution and  carried  through  a  series  of cul- 
tures.  In the second generation  of this series and the fifth day after 
its inoculation into the casein-peptone solution,  a  faint  indol reaction 
was obtained, and on the tenth day the reaction was so intense that it 
required  15 cc. of a  one-tenth  indol solution to give the  same  degree 
of color to 25  cc.  of the culture fluid.  It was now inoculated,  intra~ 
peritoneally, into animals  with the following results: 
Date of inoculation.  Dose.  Weight.  Result. 
October  27,  1896,  1  cc.  300  grammes.  Died  in  24  hours. 
-  80,  ~  0.5  ec.  340  ,~  "  '~  18  " 
Nov.  19,  "  0.4  cc.  355  ,,  -  ,,  -  ,, 
-  ,,  ,~  0.3  cc.  340  "  Recovered. 
'~  "  ',  0.2  cc.  330  "  '~ 
Pure cultures  of the  organism  inoculated were obtained in  all  the 
fatal cases from the spleen, liver,  peritoneum  and blood. 
This culture, when regarded in the light of subsequent experiments 
upon the action of proteids on the functions of the colon bacillus, must 
*  1~  glucose  bouillon  was  used  in  these  experiments.  See  remarks  above 
relating  to  fermentable  carbohydrates.  This  difference  in  pathogenesis  cor- 
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have  been  at  the  time  of isolation  under  conditions  which  greatly 
favored the proteid  function.  This  is  shown  by the  excess  of that 
function and  the  deficiency in  gas  production.  Further  cultivation 
on a medium containing both food-factors caused a balance of function, 
as seen by the increased gas production and decreased indol formation, 
without disappearance of either.  Another culture of the colon bacillus 
that was isolated from the pus of an abdominal abscess, in which it was 
the only micro-organism present,  presented the same deviation from 
the type and was caused to revert to the type by the same process. 
The constant accentuation of indol production that we have observed 
to result from the continued cultivation of the organism in a medium 
especially adapted to this function is no greater in this instance than 
occurs in  the majority of fresh  cultures,  many of which are either 
non-pathogenic or only slightly so.  An  estimation of the  virulence 
of this organism by the amount of indol formed seems, for this reason, 
impracticable.  ~oreover, we have found that varieties of the colon 
bacillus which do not produce indol by the usual test may prove fatal 
to guinea-pigs in doses not exceeding 1 cc. of a bouillon culture.  This 
fact would seem to indicate that although indol production as the final 
stage in the proteolytic function may be, like gas formation in fermen- 
tation,  the first factor to  be affected by changes unfavorable to  this 
function, it does not prove that other important processes upon proteid 
material have not been carried on. 
This  experiment shows, however, that indol production and patho- 
genesis  can both  be  increased by growth  of a  culture  in  a  medium 
which contains an unusual amount of proteid material, so prepared as 
to be especially suitable for bacterial assimilation. 
It has  also been demonstrated above that  the biological functions 
of the colon bacillus, including both indol formation and fermentation, 
may be  materially modified by  long-continued cultivation  in  media 
that are rich in proteid matters. 
We have found by" experiments, which we have given in detail, that 
the colon bacillus grown in an excess of proteid material in an artificial 
medium undergoes a disturbance of equilibrium in function, with first 
an increase of proteo]ytic activity and later an apparent  suppression. 570  Influence  of  Environment  on  Colon  Bacilli 
Cultures  obtained  from  the  pathological  tissues  of man  and  animals 
also  present  characteristics  differing  from  those  of  the  typical  colon 
bacillus obtained from the healthy colon. 
We turn  now  to the  latter  aspect  of these  phenomena  and  relate 
the  results  of  experiments  made  for  the  purpose  of  ascertaining  to 
what extent cultures taken from organs  which have been undergoing 
inflammation for a considerable period of time differ in type from the 
normal  colon  and  typhoid  bacilli.  For  this  test  typhoid  fever  has 
seemed to  afford exceptional  advantages;  for in  this  disease the  pro- 
ducts of inflammation are brought to the colon bacillus in the intestine, 
and  later  this  organism  often  comes in  contact  with  them  in  other 
viscera to which it finds access. 
For the  purpose  of demonstrating  this  modifying effect upon  cul- 
tures of bacteria belonging to the group under discussion, we obtained 
cultures directly from typhoid spleens and noted their  reactions both 
upon carbohydrate and proteid foods.  We have tried to classify these 
cultures  according  to  these reactions,  and  with  the  following result: 
Cultures  corresponding  to  the  typical  colon bacillus in  reaction have 
not  been found  among  the  cultures  studied.  Of  the  forty-four cul- 
tures which  were under  observation,  four cultures  gave one  or more 
of the prominent reactions of the colon bacillus and seemed to belong 
to the transitional series of the colon group.  A  second group gave the 
characteristic  modifications  in  functions that  are  found in attenuated 
cultures of the colon group.  A  third and larger group gave reactions 
like those of the bacillus typhosus.  These  three  groups,  each  differ- 
ing considerably from the other in their reactions and each containing 
members  which  vary  slightly,  have  been  obtained  from  the  spleens 
of typical cases of typhoid fever.  )Clay  not the  cultures  of  the  first 
and second group be colon cultures which have been modified in func- 
tion  by growth  in  an  excess  of proteid  food?  The  details  of  these 
experiments follow under series A, ]3, C, D. Adelaide  Ward  Peekham  571 
TABLE  IV. 
GIVING  TtIE  RESULTS  OF  BACTERIOLOGICAL  STUDIES  UPON  SPLEENS  OBTAINED  AT 
AUTOPSIES  UPON  CADAVERS  OF  PATIEI~TS  DEAD  OF  TYPHOID  FEVER.  IN  ALL  CASES 
THE  AUTOPSIES  WERE  I~IADE  WITHIN  ~4  HOURS  AFTER  DEATH~  ANn  THE  SPLEENS 
WERE  PLACED  AT  OUR  DISPOSAL  ALMOST  IMIKEDIATELY AFTERWARD.  SERIES  A, 
Fermentation. 
Glucose. 
Gas  Acidity  forma- 
i  rich. 
AI  0  2  cc. 
A'~  0  2  cc. 
A3  0  7  cc. 
A 4  0  10  cc. 
A~  0  11 cc. 
A6  0  11 cc. 
A~  0  10 cc. 
A s  0  8.5 cc. 
A9  0  8.5 ec. 
A10  0  11 cc. 
0  ]8.5 cc.  AIJ 
! 
Lactose. 
Gas  Acidity.  forma. 
tion. 
0  0 
0  0 
0  0 
0  0 
0  0 
0  0 
0  0 
0  0 
0  0 
0  0 
0  0 
Milk. 
coagulated 
and 
decolorized. 
very blue. 
like control. 
like control. 
like control. 
like control. 
like control. 
like control. 
coagulated 
and 
decolorized. 
like control. 
like control 
I Indol formation during a series of changes 
In peptone solutions. 
Changes  in Dunham's]  Changes  in alkali. 
solution,  peptone bouillon. 
let 
;en. 
+ 
+ 
~nd] 
gen. ! 
m 
J 
}rd  4th 
en.  gem 
+ 
+ 
+ 
+ 
+ 
+ 
let  2nd 
;en.  gen. 
'eC. 
÷ 
÷ 
÷ 
+ 
÷ 
--  ÷ 
÷ 
+ 
÷ 
Series A (Table IV).  This series contains eleven cultures taken from 
single  colonies  having the  appearance  of typhoid colonies, "on gelatine 
plates,  inoculated with material from the  spleen  of a  person  who  died 
in the Episcopal Hospital of Philadelphia,  on the fifteenth day, of  an 
attack of typhoid fever.  The case was typical in every respect and the 
lesions  observed  at the autopsy were notably those of typhoid fever.* 
Fermentation.--These  cultures in  one  per  cent  dextrose  and  lactose 
bouillon showed  absence  of gas production.  The amount of lactic acid 
formed by each  culture was  estimated by the phenolphthalein method, 
* We  wish  here  to  express  our  obligations  to  Dr.  It.  W.  Cattell,  Coroner's 
Physician,  Philadelphia,  through  whose  courtesy  the  pathological  material 
used  in  these  studies  was  placed  at  our  disposal. 572  Influence  of  Environment  on  Colon  Bacilli 
namely, by adding one cubic centimetre of a solution of phenolphthalein 
(2.5 grammes to 500 cc. of 50 per cent alcohol).  This was brought to as 
sharp  a  neutralization  as  possible  by  titrating  with  a  one-twentieth 
normal solution of sodium hydroxide.  The amount required to neutra- 
lize the culture fluid was estimated from this result.  In every, instance 
where the acidity is designated it is represented by the number of cubic 
centimetres of a one-twentieth normal solution of sodium hydroxide that 
would be required to neutralize 25 cc. of the culture fluid. 
The amount  of acid  formed by the  members  of this  series,  which  is 
designated as series A, in glucose bouillon, with the exception of A ~ and 
A ',  corresponds to  that  produced  by cultures  of the  bacillus  typhosus, 
as will be seen by comparing the table containing this series (Table IV) 
with  that  of  Table  VIII.  h 1 and  A s formed  very little  acid  and  did 
not grow in the closed arm of the fermentation tube.  In lactose bouillon 
no acid was produced by this series. 
These cultures behaved in litmus  milk as  follows: A 1 coagulated and 
decolorized milk  in twenty-four hours,  and  A'  in twenty-five days.  A" 
turned milk intensely blue.  The remainder of the series gave the usual 
reaction seen in typhoid cultures in milk. 
Indol  produvtion.---These  cultures  were  inoculated  into  each  of  the 
peptone  solutions,  the  alkali-peptone  bouillon  and  Dunham's  peptone 
solution, and incubated for three days, when they were tested for indol. 
A 1 gave a distinct indol reaction; the remainder of the series was negative 
as regards the reaction in both of the peptone solutions.  By continued 
culture in both of the peptone solutions, however, every member of the 
series except A' was,  after varying periods of time, brought  to indol pro- 
duction, so that a  decided reaction was obtained. 
Series B  (Table V).  These cultures were obtained from the spleen of 
a  person who died of a  relapse of typhoid fever.  The spleen was  char- 
acteristic of the  disease,  and  the  intestine showed ulceration  of Peyer's 
patches.  Of the  cultures  tabulated,  B 1 to B'  were taken from colonies 
on gelatine plates, having the appearance of typhoid colonies; B '° to B " 
were taken  from large,  yellowish,  surface  colonies  on  Elsner's  medium 
which were supposed to be the bacillus colt communis. 
Fermentation.--In  this  series,  also,  there  was  no  gas  production  in 
media  containing  either  dextrose  or  lactose,  and  the  amount  of  acid 
formed in  dextrose bouillon was  about the  same  as  in  series  A,  and  in 
lactose  bouillon  was  entirely wanting.  B 7 differed from the  others  by 
forming  a  much  smaller  amount  of  acid  in  dextrose  bouillon  and  by 
coagulating  milk  after  16  days;  B 1~  coagulated  milk  in  17  days.  The 
remainder of the series gave, in milk, the reaction given by the typhoid 
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TABLE  V. 
GIVING  THE  RESULTS  OF  BACTERIOLOGICAL  STUDIES  UPON  SPLEENS  OBTAINED  AT 
AUTOPSIES UPON CADAVERS  OF PATIENTS DEAD  OF  TYPHOID FEVER.  SERIES B. 
Fermematlon.  Indol formation during a  series of 
changes  In peptone  solutions. 
Glucose.  Lactose.  Changes in  •  Changes In alkali- 
Dunham's  solution,  peptone bouillon. 
Gas for-  8rd 
marion,  gen. 
B~ 
B~ 
B3 
B4 
B5 
B~ 
B7 
B8 
B9 
B]o 
Bll 
Ba2 
B15 
f(  Acidity.  .o 
0  7.5 cc. 
0  8  ec. 
0  7  cc. 
0  7.5 cc. 
0  7.5 cc. 
0  6.5 ce. 
0  2  cc. 
0  7.5 ce. 
0  7.5 cc. 
0  12 cc. 
0  9  cc. 
0  4.5 cc. 
0  8  cc: 
0  6.5  cc. 
0  6.5 cc. 
°r-   °idlty 
°0t: 
o  o 
0  0 
0  0 
0  0 
0  0 
0  0 
0  0 
0  0 
0 
0 
0 
0 
0 
Litmus 
milk. 
like 
control. 
like 
control. 
like 
control. 
like 
control. 
like 
control. 
like 
control. 
coagulated 
milk 
in 16 days. 
like 
control. 
like 
control. 
very blue. 
very blue. 
coagulated 
in 17 days. 
like 
control. 
like 
control. 
like 
control. 
I 
Ist  [  2rid  Ist 
gen.  [  gen,  gen. 
-  +  + 
+  + 
+  + 
+  + 
+  + 
+  + 
+ 
+ 
+ 
+ 
Indol formation.--All of these cultures formed indol  at periods which 
are  indicated  in  Table  V.  B 1°  to  B 1°  gave  somewhat  deeper  reactions 
than B I  to B'. 
Series C  (Table VI).  The spleen used for this series  was obtained at 
the autopsy of a person who died in the Presbyterian  Hospital of Phila- 
delphia, on the twenty-first day, of an attack of typhoid fever. 
Fermentation.---In the eleven  cultures which  form  this series there 
was absence of gas formation with both dextrose  and lactose bouillon in 
all  except  C  ~,  which  gave with  dextrose  an amount  equal  to  one-fourth 574  Influence  of  Environment  on  Colo~  Bacilli 
of the arm  of  the  fermentation  tube.*  The  acidity  of  several  of  these 
cultures in dextrose bouillon was  somewhat greater than has been found 
by us in typhoid cultures, equaling that of many cultures of the bacillus 
cell communis.  In milk, cultures 3, 5 and 7 caused coagulation, and the 
remainder  gave  reactions  similar  to  the  typhoid bacillus. 
TABLE  VI. 
GIVING  THE  RESULTS  OF  BACTERIOLOGICAL  STUDIES  IJPON  SPLEENS  OBTAINED  AT  AUTOPSIES 
UPON  CADAVERS  OF  PATIE~'TS  DEAD  OF TYPHOID  FEVER.  SERIES  C. 
C6 
C~ 
C 8 
C9 
C10 
Cn 
Fermentation,  Indol formation  during  a  series  of changes  on 
peptone  solutions. 
¢~  Glucose.  Lactose.  Changes in  Changes in alkali- 
Dunham's  solution,  peptone  bouillon. 
Gas for-  Gas for.  Acidity.  Litmus  1st  i 2rid I  1 ~en"  '~0cc.~  ----  ra  m a~lon.  Acidity.  marion"  Milk.  gen. igenq3rdgon,  lstgen.  2on2.  8rdgen. 
C'- L  -15  cc--~  ~  0  control.like  -~-i--I/  --110.5 cc" 
C~  0  3.5 cc.  0  0  like  q-  7.5 cc. 
control 
C3  0  0  0  coagulated  -~-  i 
in 15  days. 
C  4  0  10cc.  0  0  like  -~  I  il  10cc. 
control.  I 
C 5  0  15 cc.  0  0  coagulated  --  Reaction  --  Reaction 
0 
0 
0 
0 
0 
of  5 co. 
closed 
arm of 
tube. 
0  17.5 cc. 
0  11.5 cc. 
0  12.5 cc. 
0 
in 15  days. 
0  like 
control. 
0  coagulated 
in24hours. 
0  like 
control. 
0  like 
control. 
0  like 
control. 
0 
q-! 
+, 
+ 
+ 
on  16th 
day. 
+ 
÷ 
7.5 cc. 
lOcc. 
10 cc. 
+ 
on 16th 
day. 
--  + 
--  + 
Indol production.--This  series  differed greatly from A  and B  by form- 
ing a  much greater  amount  of  indol.  After  growing  in the  alkali-pep- 
tone  bouillon  for  three  days,  all  except  C  ~,  C  ° and  C  I°  gave  a  reaction 
equal  to  that  of  the  typical  colon  bacillus  under  the  same  conditions. 
These  three  cultures, after  growth in peptone solutions for several  days, 
produced enough indol to give a decided reaction. 
* The  amount  of  gas  formed  by  the  typical  bacillus  cell  communis  in  one 
per  cent  dextrose  bouillon  is  sufficient  to  fill  one-half  of  the  closed  arm 
of  the  fermentation  tube. Adelaide  Ward  Peckham  575 
TABLE  VII. 
GIVING  THE  RESULTS  OF  BACTERIOLOGICAL  STUDIES  UPON  SPLEENS  OBTAINED  AT 
AUTOPSIES  UPON  CADAVERS  OF  PATIENTS  DEAD  OF  TYPHOID  FEVER.  SERIES  D. 
~¢  Gas formation. 
D1  ~  of closed 
arm of tube. 
D:  0 
D3  0 
D4  0 
D 5  0 
De  0 
D:  0 
DS  0 
D9  0 
Fermentation.  Indol formation during a  series 
of changes in peptone solutions. 
Changes in Dun-  Changes  in 
Lactose.  ham's solution,  alkali-peptonebouillon.  Glucose. 
Gas for- 
~c  matlon. 
7.  Bubble. 
2.  0 
0 
2.  0 
0 
tO co.  0 
3  cc.  0 
2  cc.  0 
3.5  ee.  0 
Acidity.  Litmus milk 
?  very blue. 
0  coagulated 
in 10 days. 
0  very blue. 
0  decolorized 
but  not 
coagulated. 
0  lighter  than 
control. 
0  very  blue. 
0  very blue. 
0  about  like 
control. 
0  very blue. 
gon. 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
j 
Series  D  (Table VII).  The  spleen  used  for these  cultures  was  also 
obtained at the autopsy of a  case of typhoid fever.  The mucous mem- 
brane  of the  intestine  was  eroded in  large  areas,  Peyer's  patches  were 
ulcerated  and  perforation had  taken  place.  Gelatine  plates  inoculated 
with the splenic tissue were much overgrown with liquefying organisms 
which,  from subsequent  culture,  proved to  be  a  species  of the  bacillus 
subtilis.  The  cultures  selected  for  this  series  gave,  on  gelatine,  the 
characteristic appearance of the colon group. 
Fermentation.--D 1 gave a small amount of gas with both dextrose and 
lactose; the others were not gas-forming.  The greater number of these 
cultures showed very little growth in the closed arm of the fermentation 
tube,  and  a  much  smaller  quantity  of  acid  was  estimated  than  in  the 
previous series.  In milk, D '  caused coagulation and  decolorization; the 
remaining  members  of the series varied slightly  or not at  all from the 
control tube at first, and then turned the milk very blue. 
Indol  production.--All  of  these  cultures  except  D'  and  D*  gave  a 
decided indol reaction after growth for three days in Dunham's solution, 
and these cultures gave the reaction in the  same  period when grown in 
alkali-peptone bouillon. 576  Influence  of  Environment  on  Colon  Bacilli 
In  studying  the  four  series  of  cultures  obtained  from  typhoid 
spleens we have been  not  a  little  puzzled  to  determine whether we 
are dealing with the typhoid bacillus  or with  other members of the 
colon group.  Many of these cultures cannot be differentiated from 
the typhoid  organism by any of the tests  usually employed.  They 
conform to its reactions regarding fermentation, that is,  in gas forma- 
tion, acidity, absence of inverting enzyme, and growth in milk.  The 
indol reaction is negative when tested by the usual method.  Are the 
individual cultures of this series which do thus conform to the char- 
acteristics of a  typhoid culture the true typhoid bacillus,  or are they 
members  of  the  colon  group  which  give  similar  reactions  and  are 
known  as  pseudo-forms of  the  typhoid  bacillus?  Their  source,  the 
spleens of typical cases of typhoid fever, would indicate that they are 
typhoid cultures, but the colon bacillus, as has been shown by Welch 
(14),  has  also  frequent  opportunity,  in  typhoid  fever,  for  passing 
from the intestine to other viscera, and is often found in them, though, 
strange to say, there are no trustworthy statistics as to the frequency 
of the occurrence of the colon bacillus in the spleen in cases of genuine 
typhoid fever. 
Among the cultures forming these series we have been able to dis- 
tinguish groups having slightly different characteristics; for instance, 
A 1, A ~, C', C  ~ and C  T  break up lactose, as shown by the coagulation of 
milk.  A 1 and D 1 give an indol reaction by the usual test.  C T  and D 1 
form a small amount of gas in dextrose bouillon.  From this may we 
not reasonably regard these cultures as representing colon bacilli that 
have been modified in their characteristic biological functions through 
exposure  to  the vital  resistance  of  tissues  with  which they are  not 
naturally concerned; or are we, in the light of our culture tests with 
excessive amounts  of proteid material,  to  consider them as  modified 
by their development in nutritive material excessively rich in proteids; 
or, still  again, is  this  assumed attenuation due to the detrimental in- 
fluence of the inflammatory products,  particularly the  leucocytes or 
their  protective  secretions  that  have  recently  attracted  so  much 
attention ? 
The cultures of the D  series, except D 1, which has been included in Adelaide  Ward  Peckham  577 
the group just mentioned, are marked by the small  amount  of acid 
formed in  dextrose  bouillon,  by  the intensely blue  color  of  litmus 
milk, and the reaction for indol by the usual test.  A ~ and A ~ are like 
this series in reaction.  These cultures may be considered as forming 
a separate group. 
The remaining cultures of these series conform to the reactions of 
the typhoid bacillus in every respect when the usual tests are employed, 
but they form indol in varying amounts when cultivated in a medium 
which is unusually favorable for its formation. 
An attempt has been made to  classify these groups  by comparing 
them, first with attenuated cultures, then with transitional forms, and 
finally with typhoid cultures. 
A  series  of  colon  cultures  that  have  become  attenuated  by  long 
residence  in  feces  show  the  following  characteristics:  There  is  an 
almost entire loss  of the function of fermentation, shown by absence 
of gas formation, by the very small amount of acid formed in dextrose 
bouillon, and the intensification of the blue color of litmus milk.  A 
microscopic examination shows small bacilli  that are  difficult to  dis- 
tinguish from cocci. 
:By a comparison of our three groups with the cultures of attenuated 
2  7  colon bacilli we find that our second group, which includes A, B, and 
all of the D series except D 1, corresponds in reactions to the attenuated 
cultures,  and,  therefore,  it  seems  not  unlikely  that  they  are  such 
cultures. 
The  lesions  of the  intestine in  the case  from which the  D  series 
was  obtained,  namely~  the  almost  complete  erosion  of  the  mucous 
membrane and the perforation and peritonitis,  seem to  indicate that 
the products  of inflammation had  afforded large amounts  of proteid 
material for a period of time sufficient to cause an attenuation of the 
colon bacillus  by an  excess of a  single  food factor.  We  do not,  of 
course, insist upon this interpretation, but the peculiar attenuation to 
which reference has been made, in regard to cultures grown in artificial 
media  very rich  in  proteids,  i.  e.  the  fresh  alkali-peptone bouillon, 
inclines us to this view. 
Our  third  and  most  important  group  varies  from  the  attenuated 578  Influc~we  of  Environment  on  Colon  Bacilli 
cultures in  the following points:  They form large  quantities  of acid 
in glucose bouillon and do not show a  markedly alkaline reaction in 
litmus milk.  The indol reaction is  negative in the peptone solution 
of  Dunham,  unless  the  cultures  are  frequently transplanted  into  a 
fresh  medium.  Under the  microscope these bacteria  resemble ordi- 
nary cultures of the typhoid or colon bacillus.  The  cultures of our 
third group, therefore, show biological traits varying from attenuated 
cultures, and  also  from the  so-called transitional  forms  described by 
Smith, Stoecklin and others, which are changing in type and approach 
either one or the other of the extreme varieties of this group. 
Among the cultures comprising these series we find two, C  ~ and D 1, 
which  approach  quite  closely to  the  colon  bacillus  in  type.  They 
form a  small amount  of gas  in  glucose bouillon  and  give a  marked 
indol reaction by the usual test.  C 7 coagulates milk in  twenty-four 
hours.  Four other cultures--A  1, A ~, C  3 and C~----also coagulate milk, 
Can we not reasonably regard these cultures as in a transitional state .~ 
A  considerable number of varieties comprised in  the  colon group 
have been described by various writers,  and because of their striking 
likeness to the typhoid bacillus they have been designated as pseudo- 
typhoid bacilli.  As  a  further means, therefore, in  classifying these 
cultures and thereby to distinguish them from or identify them with 
the typhoid bacillus, we have employed two additional tests. 
Our  first test has  been  made with  a  number  of typhoid  cultures 
that  we have  obtained  through  the  courtesy of several  of  the  best- 
known laboratories in the country.*  These cultures have been grown 
in alkali-peptone bouillon and Dunham's solution to find whether, by 
a  series  of  transplantations  in  these  media,  they  may  not  also  be 
brought to indol formation; for if this reaction be obtained, then our 
third group corresponds to  the typhoid bacillus  in  all  cultural pecu- 
liarities.  That indol formation might really occur in typhoid cultures 
was  first  suggested  to  us  in  1895,  when  we  were  testing  cultures 
obtained from a  typhoid spleen,  and  which gave  all  the  differential 
reactions of typical typhoid cultures.  Repeated tests were made for 
* We  desire here to express our obligation to  the  gentlemen  of these labo- 
ratories,  who  have  so  obligingly  plaeed  their  eultures  at  our  disposal. Adelaide  Ward  Peckham  579 
indol, because in some of the cultures a slightly pinkish tint indicated 
the indol reaction, but it was finally supposed to be due to indol con- 
rained in the peptone which formed a constituent of the solution. 
P6r6  did not obtain  the indol reaction in  typhoid  cultures  which 
had grown for many days in his casein-peptone solution.  While our 
tests wore being made, however, an indol-forming typhoid culture has 
been sent to us by Dr.  Flexner, from the Pathological Laboratory of 
the Johns Hopkins University. 
Typhoid  cultures  tested  for  indol.--The  cultures  of  this  series, 
seventeen in number, were obtained by us from the different labora- 
tories mentioned in Table IX  at the end of this article.  All of the 
usual tests for the differentiation of the typhoid organism have been 
made, and the results obtained are given in detail in Table VIII. 
In dextrose bonillon all  of these cultures formed moderately largo 
amounts  of lactic  acid  without gas  production.  In  lactose  bouillon 
and  in  milk  no  perceptible  reaction  was  obtained.  On  potato  the 
cultures showed the usual moist, almost invisible growth.*  Tests for 
indol in a  one per cent dried-peptone solution gave a negative result. 
Microscopically these cultures gave the usual non-characteristic mor- 
phology of the typhoid bacillus. 
After ascertaining that  these  cultures  gave  the  commonly recog- 
nized characteristic reactions of the typhoid bacillus, they were tested 
upon the two kinds of peptone solutions that were employed in making 
the  tests  upon  the  colon  bacillus.  A  transplantation  into  fresh 
medium was made every seventy-two hours and the old cultures were 
first examined microscopically and then tested for indol by the method 
heretofore described. 
This  series  of  tests  is  noted  in  Table  VIII.  The  indol  reaction 
was obtained  in every culture,  and  the greater  number were brought 
to indol production  by the termination  of the third period of cultiva- 
tion.  Control flasks  of sterile media were also  tested for indol  and 
gave  a  negative  result.  These  cultures,  like  the  atypical  series  of 
the colon group,  did  not  produce large  amounts  of indo],  but gave, 
nevertheless, an unmistakable reaction. 
* To  eliminate  the  error  arising  from  the  use  of  different  potatoes,  all  of 
the  tubes  for  this  test  were  prepared  from  one  large  potato,  which  gave  a 
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TABLE  VIII. 
GIVING  THE  RESULTS  OF  THE  STUDY  OF  CULTURES  OF  THE  BACILLUS  TYPHOSUS~  OBTAINED  FROM 
DIFFERENT  LABORATORIES~  WITH  SPECIAL  REFERENCE  TO  FERMENTATION  AND  INDOL  FORMATION. 
Fermentation. 
~2 
Glucose.  Lactose.  Potato. 
Milk.  d 
1 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
8.5 cc, 
9.5 ce. 
0 
0 
0 
0 
o 
0 
0 
0 
o 
0 
0 
0 
0 
0 
0 
c 
slightly 
pinker than 
control. 
slightly 
pinker than 
control. 
slightly 
pinker than 
control. 
slightly 
pinker than 
control. 
slightly 
pinker than 
control. 
slightly 
pinker than 
control. 
slightly 
pinker than 
control. 
slightly 
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color: 
Indol formation during a series of changes 
in peptone solutions. 
Changes In Dunham's  Changes in alkali- 
solution,  t  peptone bouillon. 
No distinct  tth 
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In  comparing this series with  those  obtained  by us  directly from 
typhoid spleens we find that series A  and t~ from spleens gave amounts 
of  indol  corresponding  to  those  formed  by  the  typhoid  cultures 
obtained by us from different laboratories when tested under the same 
conditions, while all  of series C,  except three cultures, gave a  much 
larger amount. 
The  results  obtained  in  the  foregoing  experiments  demonstrate 
several interesting and important points,  viz.,  that the bacillus  typhi 
abdominalis  assumes  the  indol-producing  function  when  cultivated 
under special conditions;  that  the  colon  bacillus  may lose its  indol- 
producing function when grown under conditions that at first favor the 
exercise of this function, but which finally cause it to lose the property; 
and last, that the conditions favoring an increase of indol production 
in the colon bacillus, and an assumption of this property by an organ- 
ism usually devoid of it, viz.  the typhoid bacillus, are the same in both 
instances. 
Our final test for the differentiation of our cultures obtained from 
typhoid spleens is the serum test, to which the investigations of ~:idal 
have recently drawn so much attention that it has become a well-known 
and popular diagnostic procedure in typhoid fever.  We have reversed 
this test by using it for testing our cultures which correspond in other 
reactions to the typhoid bacillus.  For the sake of constancy, all of our 
cultures, both typhoid and colon, were first tested with a single speci- 
men of blood that was obtained from a genuine case of typhoid fever, 
and which had given a characteristic reaction with the typhoid culture 
used by us for the diagnosis of typhoid fever by the so-called method 
of Widal.  They were then subjected to a second test with blood from 
another case of the disease that likewise had given a  typical reaction 
with our test culture.  The results of both tests were identical.  They 
are tabulated in  Table  IX,  which will  be. found  at  the  end of this 
article, pp.  587-591. 
We have used for our tests bouillon cultures which were about eigh- 
teen  hours  old,  from  which  we  have  prepared  a  hanging  drop  by 
mixing a loopful of the culture with a loopful of diluted dried blood. 
The hanging-drop preparation was then observed for one or more 
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hours, noting the occurrence of clumping and the cessation of motion, 
both around the borders of the masses and in the single bacilli which 
are seen in the deeper portions of the drop.  These points have been 
tabulated, so that a  comparison may be made of the reactions given 
by typhoid cultures obtained from different sources,  and  also  of the 
reactions of other members of the colon group. 
We have ascribed a positive reaction to cultures in which there has 
been an almost complete agglutination of the bacilli into masses, with 
cessation of motility in the masses and also in the greater number of 
the few remaining solitary bacilli.  In every specimen of blood that 
we have tested with a reliable typhoid culture, and where a character- 
istic reaction in every other respect has been obtained, a few actively 
motile  bacilli,  with  an  easily  detected  translatory  movement,  have 
been seen in the depths of the hanging drop, notwithstanding the fact 
that  the  preparation  may have  been  under  observation  for  several 
hours.  We  have recorded such a  reaction as  positive,  although we 
are aware that Johnston and :~[cTaggart (15) consider that only those 
reactions are typical in  which there is  complete clumping and total 
arrest of motion.  These reactions they obtain in a young attenuated 
culture, but we have not been able to obtain it in fresh cultures of a 
specimen of the typhoid bacillus that has been under artificial cultiva- 
tion for about nine years, its original source having been the Hygienic 
Institute at Berlin. 
By referring to the table it will be seen that only about one-third of 
our typhoid cultures gave what is regarded by us as a positive reaction, 
although every culture except :No. 17 showed a distinct agglutination 
of the bacilli and some degree of cessation of motility.  It is proper to. 
state in connection with culture :No. 17, however, that it gave certain 
cultural reactions not common to the typical typhoid bacillus, notably 
a striking intensification of the blue color of litmus milk. 
2~ comparison of the reactions given by our typhoid cultures with 
those of our cultures obtained from spleens shows that every member 
of the A  series from spleens gave as typical a  reaction as any one of 
the  typhoid  cultures.  Of  this  series,  A 1 and  A 9 were  classified  as 
transitional colon cultures because they ferment lactose.  The remain- 
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Of the B  series from spleens about one-half of the cultures gave a 
positive  serum reaction.  The  remaining cultures  all  showed imme- 
diate  clumping in  large masses,  but  varied  much  in  regard  to  the 
cessation of motility, some showing but little evidence of loss of motion. 
B 1° and B 11 gave rapid agglutination of the bacilli with marked cessa- 
tion of motion, but became motile again at the end of an hour, so that 
the masses became somewhat disentangled.  These cultures correspond 
in reaction to Nos.  2  and  15  of our typhoid cultures. 
Of  five  cultures  of the  C  series  from  spleens  which  were  tested 
with the typhoid blood, four gave a  positive reaction.  The  cultures 
of the D  series from spleens did not give any indications of a reaction. 
We find, therefore, that of 28 cultures derived from typhoid spleens 
and giving all of the cultural reactions of typhoid bacilli,  18  gave a 
positive  reaction,  while  10  did  not  fulfill  the  requirements  of  this 
reaction in regard to cessation of motion.  Two cultures classified as 
transitional  colon  cultures  gave  as  typical  a  reaction  as  any of the 
cultures tested. 
Our tests upon the typical and atypical series of the  bacillus  eoli 
eommmlis show that in one culture of each series, :No. 8 of the typical 
and :No.  1  of the atypical,  a  reaction was obtained which seemed to 
us  as striking as any reaction obtained by us with typhoid cultures. 
Several of the other cultures differed from the control drop by pre- 
senting indications of a reaction, as will be seen by the table in which 
the prominent features of each reaction are noted. 
Our  observations  upon  these  cultures,  about  seventy in  number, 
seem to us to show that there are difficulties attending the diagnosis 
of typhoid  cultures  by this  method.  :Negative  reactions have been 
obtained in many cultures which we regard as typhoid organisms, and 
a  positive  reaction has  been noted in  two  different members of the 
species bacillus  coli communis,  :Between these extremes in  reaction 
are those which show one prominent feature with partial  absence  of 
the other, and many other variations which are not follnd in the con- 
trol culture drop. 
In view of the fact that nearly all observers agree ia the statement 
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is  not the  same  for  all  specimens  of the  organism,  but  occurs  in  a 
striking  way with  cultures  possessing  certain  peculiarities,  and  fails 
entirely with other cultures devoid of these characteristics,  though the 
grounds for regarding  them as typhoid bacilli may be equally strong 
in both instances, we are not inclined to consider this test in the method 
of its  application  employed in  these  investigations  as  entirely  trust- 
worthy for the differentiation of allied bacteria. 
It  is  needless  to  open  the  discussion  at  this  point  regarding  the 
influence of various dilutions of serum upon the result of the test.  It 
will suffice to say that  in  the method  employed,  notably that  of dis- 
solving  the  agglutinating  substance  from  dried  blood  by  a  drop  of 
water,  it  is  impossible  to  obtain  either  accurate  or  constant  degrees 
of dilution,  so that we may consider certain  of our irregularities to be 
due in part to this defect of the method. 
CONCLUSIONS. 
Assuming the typical colon bacillus and the typical typhoid bacillus 
to  represent  the  types  of  this  group  that  present  the  greatest  diver- 
gences  in  biolo~cal  peculiarities,  we  conclude,  as  others  also  have 
done, that there is a series of closely related forms that may be regarded 
as intermediate  or transitional  and  which  serve to  establish  a  biolog- 
ical  relationship,  either  near  or  remote,  between  these  two  typical 
members. 
From  our own studies we are  inclined  to regard  the  typical  colon 
bacillus  as the  type of this  group,  for the  reason  that  its  functional 
equilibrium,  as  observed in  the  intestine,  is  so  permanent  a  quality 
that it may readily be perpetuated under what is ordinarily regarded 
as favorable artificial circumstances,  and that with the continuance  of 
such conditions there  is no conspicuous tendency  on the part  of this 
organism  to  deviate  from  what  we  regard  as  its  norm;  whereas,  on 
the other hand,  with all the other members of this  group with which 
we have worked, there is not only a lack of uniformity in the  adjust- 
merit  of the  functions,  but  such  as exists  is  readily  disturbed  under 
artificial  environment;  though  it  must  be  borne  in  mind  that  even 
with the typical colon bacillus we have also shown functional modifica- 
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When  the  members  of  the  colon  group  are  cultivated  under 
circumstances favorable to  the development of both  the function of 
fermentation and  that  of  proteolysis,  fermentation  invariably  takes 
precedence and  no  evidence of proteolysis is  manifested until  after 
fermentation has ceased. 
The  cultivation o£ all the members of the colon group under cir- 
cumstances that favor the development of one function, viz.  that  of 
proteolysis,  at  the  expense  of  another,  viz.  that  of  fermentation, 
results first in an apparent increase of vigor; but this is of temporary 
duration and is quickly followed by the decline and death of the cell. 
The result of this increased activity of the proteolytic function is 
the formation of much larger amounts of indol by typical colon cul- 
tures than has ever been obtained by us by any other method. 
:By the method of experimentation through which we were enabled 
to accentuate the proteolytie activity of the typical colon bacillus, as 
caused by an increase of indol formation, we have also induced the 
function of indol formation not only in atypical colon bacilli that had 
been devoid of it,  but in every specimen of typical typhoid bacilli to 
which we had access as well. 
We feel justified in regarding one of the differential tests between 
the typhoid and colon bacillus, namely that of indol formation on the 
part of the latter and the absence of this  function from the former, 
as of questionable value, for the reason, as shown above, that by par- 
ticular  methods  of  cultivation  indol  production  has  been  shown  to 
accompany the development of a  number of specimens that we have 
every reason to regard as genuine typhoid bacilli. 
As a result of our own experiments, together with the observations 
of others,  there can be  no doubt that  the bacillus  coli communis at 
times possesses  pathogenic properties,  and  that  by artificial methods 
of treatment it may often be brought from a condition of benignity to 
one of virulence. 
The spleen of a  typhoid patient  has  always been regarded as  the 
only  trustworthy  source  from  which  to  obtain  the  typical  typhoid 
bacillus.  While  we believe  this  to  be  true,  still  our  investigations 
show that  other members of the colon group may also  be present in 586  Influence  of  Environment  ou  Colo~  Bacilli 
this viscus; in fact, from such spleens we have isolated practically all 
of the varieties of this group with which we are acquainted. 
From our experience, the value of the serum test for the differentia- 
tion of typhoid and colon bacilli would seem to be questionable.  We 
are inclined,  however, to attribute the irregularities  recorded above as 
due  more  to  the  method  of application  than  to  defects  of the  prin- 
ciples involved;  for,  as  stated,  by the  use  of  dried  blood,  as  in  our 
experiments,  it  is  not  possible  to  make  the  test  with  constant  and 
accurate,  or  even  approximately  accurate,  dilutions  of  the  serum. 
Our  irregularities  may be in  part  due to  this  defect.  We  therefore 
lay less stress upon this than upon the other features of our work. 
In closing, we desire to thank Dr. A. C. Abbott, the Director of the 
Laboratory of Hygiene, for many valuable suggestions in  conducting 
this work. 
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TABLE  IX. 
SHOWING  RESULTS  OF  TESTS  WITH  TYPHOID  BLOOD  UPON  TYPHOID  AND  COLON 
BACILLI  FRO~[  VARIOUS  SOURCES, 
No.  1 
No.  2 
:NO.  3 
No. 
No. 
No. 
Sourceotculture. 
Pathological Laboratory, 
McGill University. 
Department of Pathology, 
College of Physicians and 
Surgeons, New York City. 
Johns Hopkins University. 
Labeled (Gall-bladder). 
4  Johns Hopkins University. 
Designated (B). 
5 Laboratory of Bacteriology, 
Board of Health of the 
Province of Quebec. 
/  Designated (A). 
6  Do. 
Designated (B). 
Results of I 
test with  I 
typhoid  I 
blood  by  I 
the dry  I 
method  of 
Johnston. 
Remarks. 
+ 
+ 
:t: 
+ 
Almost immediate complete  clumping, 
entire  cessation  of  motion  in  the 
clumps  and in the  single bacilli,  ex- 
cept a few actively motile ones in the 
depths of the hanging drop: 
Immediate  clumping  of  nearly  all  of 
the bacilli, with cessation of motion ; 
at the  end  of  two  hours  the  masses 
are  divided  and  there  is  active  mo- 
tion throughout the field. 
Very  slow,  but  finally  characteristic 
clumping.  The  active  motion  seen 
at  first  in  the  masses finally almost 
ceased,  but  the  single  bacilli  re- 
mained actively motile. 
Almost instantaneous agglutination in 
large  masses.  Entire  cessation  of 
motion in the clumps;  an  occasional 
motile bacillus. 
Darting movement of the bacilli, slowly 
forming  and  small  clumps  with  de- 
cided  motion  around  the  borders. 
Single bacilli  are motile. 
Immediate and characteristic clumping; 
motility  much  lessened, but  did  not 
cease. 588  Influence  of  Environment  on  Colo~  Bacilli 
TABLE  IX.--Continued. 
No. 
No.  8 
No;  9 
No.  10 
No.  11 
No.  19 
No.  13 
No.  14 
No. 15 
No.  16 
No.  17 
A~ 
A3 
A4 
Reeult~  of  i 
test with 
I  typhoid  I  _  . 
Source of culture,  blood by  ~emar~s. 
the  dry  I 
method of 
Johnston. 
Laboratory of Bacteriology, 
Board of  Health of  the 
Province  of  Quebec. 
Designated (C). 
Do. 
Designated (D). 
Do. 
Designated (E). 
University of Michigan. 
Labeled Typhoid (Jord.) 
University of Michigan. 
Labeled Eberth. 
Laboratory of Pathology, 
Mass. General Hospital. 
Designated (20). 
Laboratory of Pathology oi 
Mass. General Hospital 
Designated (22). 
Bacterioiogical  Laboratory, 
Health Department~ 
New York City. 
Laboratory of Hygiene, 
Univers. of Penn. 
Designated D 2. 
Laboratory of Hygiene~ 
Univers. of Penn. 
Designated E  1. 
Johns Hopkins 
University (1895). 
Designated F j. 
Typhoid Spleen. 
--  Slow  and  incomplete  agglutination, 
I  very little  diminution of motility. 
± 
÷ 
-b 
± 
q- 
q- 
÷ 
f 
Slow and incomplete clumping.  Active 
i  motion  around  the  borders  of  the 
~  masses and of the single bacilli. 
/Immediate  clumping of  small masses, 
and  later  of  large  ones.  Consider- 
I  able motion throughout the field. 
Darting  movement,  immediate  forma- 
tion  of  clumps which retain a  sway- 
ing  motion.  Single  bacilli  actively 
motile. 
Characteristic clumping.  Cessation of 
motion  except  in  a  few solitary ba- 
cilli. 
Slow  clumping  of  bacilli,  swaying 
movement  of  the  masses.  Single 
bacilli actively motile. 
Formation of  clumps and considerable 
diminution of  motion, but  not com- 
plete  cessation  in  the  clumps  or  in 
single bacilli. 
Immediate  clumping, cessation of  mo- 
tion  in the clumps and  in  all except 
a few of the single bacilli. 
Immediate clumping, cessation of  mo- 
tion  in the clumps and in all  except 
a few of the single bacilli. 
Immediate  agglutination  into  large 
clumps,  with  cessation  of  motion. 
After  two  hours,  separation  of  the 
bacilli  in the  masses and  active mo- 
tion of the single baciili. 
Appearance very similar to that of  the 
control drop. 
Immediate  clumping, with  struggling 
motion ;  later  complete  cessation of 
motion  in  the  clumps  and  in  the 
single  bacilli  on  the  surface  of  the 
hanging  drop.  Bacilli  in the depths 
of the drop are motile. 
iSlow  adhesion  of  bacilli  which  spin 
F  rapidly on the vertical axis.  Clumps 
I 
I  cease motion, but a few single bacilli 
in the depths of drop retain motility. 
Immediate  clumping, with  struggling 
movement in the clumps which soon 
ceased.  A  few single bacilli  remain 
actively motile. Adelaide  Ward  Peekham 
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O 
A 5 
AS 
A7 
AS 
A9 
A1o 
A11 
Bz 
B~ 
B3 
B4 
8  5 
Bs 
B8 
B9 
B1o 
B13 
B 14 
B15 
03 
Source of culture. 
Typhoid Spleen. 
Results  of 
test with 
typhoid 
blood by 
the  dry 
method of 
Johnston. 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
÷ 
± 
Remarks. 
Immediate  clumping, cessation of  mo- 
tion except in an occasional bacillus. 
Immediate clumping, cessation  of  mo- 
tion except in a  few single bacilli. 
Immediate  clumping, cessation of  mo- 
tion  except in a  few single bacilli. 
Masses gather  slowly, but cessation of 
motion except in a  few single bacilli. 
Rapid  clumping,  cessation  of  motion 
except in a few single bacilli. 
Rapid  clumping,  cessation  of  motion 
except in a  few single bacilli. 
Rapid  clumping,  cessation  of  motion 
except in a  few solitary bacilli. 
Rapid  agglutination,  cessation  of  mo- 
tility except in an occasional bacillus. 
Rapid  clumping, but  both  the clumps 
and the single bacilli retain motility. 
Rapid  clumping,  but  both  the clumps 
and  the single bacilli  remain motile. 
Clumping  in  large  motionless masses. 
A  few single bacilli  in the deep  por- 
tions of  the drop  remain motile. 
Clumping  in  large  motionless  masses. 
A  few solitary bacilli  remain motile. 
Agglutination  takes place very slowly, 
many single actively motile bacilli. 
Rapid  clumping,  cessation  of  motility 
except in a  few single bacilli. 
Clumping  takes  place  slowly,  many 
single motile bacilli. 
Immediate clumping, with marked ces- 
sation  of  motility.  An  hour  later 
the masses  show a  struggling  move- 
ment and single bacilli are motile. 
Agglutination  of  a  sheet  of  bacilli on 
the surface of the drop adjoining the 
cover-slip ;  later broken  into  clumps 
with struggling motion. 
Rapid  clumping, with  but  little cessa- 
tion  of  motility  at  the  end  of  two 
hours. 
Rapid clumping, but little cessationof 
motion around  borders of  clumps or 
in the single bacilli at the end of two 
hours. 
Rapid  clumping,  movement  over  the 
entire field at the end of  two hours. 
Rapid  clumping,  cessation  of  motion 
except in a few single bacilli. 
Rapid  and  almost  complete  clumping 
of  the  bacilli,  with cessation of  mo- 
tion except in a  few single bacilli. 590  Influence  of  E~virvnment  on  Colon  Bacilli 
TABLE  IX.--Conlinued. 
C  5 
C  6 
C10 
C H 
Source of culture. 
Typhoid Spleen. 
De  ,, 
D3 
D 5  ~ 
D 6  ~ 
D ~  t~ 
Ds  ,, 
D 9  ~ 
Dll  ~ 
DI~  Atypical  "  1  ~  colon bacillus ob. ! 
tained from well-water. 
2  Atypical  colon bacillus ob-I 
tained from well-water. 
Atypical colon bacillus ob- 
tained from well-water. 
8 
9 
10 
1 
A typical colon bacillus  from 
well-water.  L 
Atypical colon bacillus  from 
well-water. 
Atypical  colon bacillus  from 
well-water. 
Atypical  colon bacillus from 
river-water. 
A typical colon bacillus  from 
spring-water. 
Culture of the lactis aeroge-: 
nes  group  from  spring- 
water. 
Culture of  the  bacillus clo- 
acae from well-water. 
River-water. 
Animal tissues. 
Results  of 
test with 
typhoid 
blood  by 
the  dry 
method  of 
Johnston. 
+ 
+ 
+ 
+ 
m 
Remarks. 
Rapid clumping  and  complete absence 
of translatory motion. 
Rapid  clumping,  cessation  of  motion 
except in a few single bacilli. 
Slow massing of  the bacilli, very little 
loss of motion. 
Slow clumping of the bacilli,with  almost 
complete cessation of motion. 
No indications of a  reaction. 
~t 
Characteristic clumping, with cessation 
of motion except in a  few single ba- 
cilli, and  they  do  not  possess  much 
translatory power. 
Same appearance  as  the  control  hang- 
ing-drop. 
Immediate clumping of  a considerable 
portion of the bacilli.  Movement of 
whole masses, and  single  bacilli are 
actively motile. 
Slight indications of clumping. 
Some  clumping,  but  all  of  the  bacilli 
remain motile. 
Same appearance as the control drop. 
'Agglutination in masses,with consider- 
able cessation of motility throughout 
the culture. 
Same appearance as the control drop. 
The  bacilli  gathered  on  the  surface 
next the cover-slip and showed much 
loss  of  motion.  Finally  they  dis. 
persed and were actively motile. 
Decided  clumping,  but  active  move- 
ment  in  both  the  clumps  and  the 
single bacilli. 
Indications of  clumping shown  by ag- 
glutination of  from  15 to 20 bacilli, 
but active motion continues over the 
entire field. 
Agglutination in small masses, but the 
bacilli are actively motile. Adelaide Ward  Peekham 
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Source of culture. 
Human feces. 
River-water. 
River-water. 
River-water. 
Yrom pus  in abscess of 
abdomen. 
Normal human feces. 
From the colon at an au- 
topsy of a case of nephritis. 
Results of ] 
test with  I 
typhoid  I 
blood by  I 
the dry  ] 
metho  d of 
Johnston. 
Remarks. 
m 
m 
2: 
Quite  large  masses  are  formed  which 
move  from  place  to  place;  single 
bacilli very motile. 
Formation  of  quite large masses, with 
but little cessation of motility. 
Grouping  i~t¢  small masses, with  but 
little cessation of motility. 
Formation of small clumps, and almost 
entire cessation of motility. 
Immediate formation of  small clumps, 
cessation  of  motion in  clumps~  but 
single bacilli are motile. 
Formation of  clumps in which  the ba- 
cilli  are  motionless.  Single  bacilli 
very actively motile. 
Clumping in  large masses, with  cessa- 
tion of motion except in an occasional 
bacillus.  Reaction  as  characteristic 
as that of a  typical typhoid culture. 